The rotational Zeeman effect of several low J rotational transitions of difluoroacetonitrile has been studied under high resolution conditions with a microwave superheterodyne bridge spectrometer. The observed anisotropies in the molecular magnetic susceptibility tensor are discussed within the model of local susceptibilities to derive the magnetic susceptibility tensor of the nitrile group. Comparison with results obtained earlier for acrylonitrile shows significant changes, probably due to electron withdrawal from the CN-group by the neighbouring fluorine atoms.
Introduction
Detailed microwave spectroscopic data for fluorinated acetonitriles have been presented recently [1] 
Experimental
Difluoroacetonitrile was prepared in a two step procedure already used by J. Sheridan and co-
In the first step an excess of NH 3 -60°C | H F In the second step the difluoroacetamide, a white powder, was mixed with white sand and P 2 0 5 . The system was evacuated and the temperature was gradually raised to + 225 °C for dehydratisation of the amide.
The product, difluoroacetonitrile, was continuously pumped off and was collected in a trap kept in liquid N 2 .
The spectra were recorded with our microwave superheterodyne bridge spectrometer described earlier [2] . Sample pressures used were in the range of 1 to 5 mTorr (0.13 to 0.66 Pa), temperatures were 0340-4811 / 87 / 0200-0127 $ 01.30/0. -Please order a reprint rather than making your own copy. Fig. 1 . Zero field quadrupole hyperfine multiplet of the 1 01 2 02 rotational transition. Rotational angular momentum, J, and 14 N spin angular momentum, /, are coupled due to a nonvanishing intramolecular electric field gradient at the position of the quadrupole nucleus to give a resulting angular momentum, (/+/) = F. The satellites are labelled by the corresponding F quantum numbers of the upper and the lower state. Also shown is a computer simulation of the multiplet. It is calculated from the quadrupole coupling constants given in Table 3 . Lorentzian line shapes are assumed in this simulation with a full width at half height of 170 kHz. The hypothetical center frequency of the multiplet, which would be the transition frequency in the absence of quadrupole coupling is marked by A. Spin rotation interaction is neglected.
about -60 °C. Under these conditions halfwidth at half height were on the order of typically 50 to 75 kHz. high precision from a line shape analysis such as described in [3] .
Results and Analysis
We first measured the zero Field 14 N hyperfine multiplets for accurate determination of the hypothetical center frequencies [4] of the corresponding rotational transitions in the absence of quadrupole coupling. These multiplet splittings are presented in Table 1 . They were also used to fit the 14 N quadrupole coupling constants as described for instance in our recent paper on acrylonitrile [5] . The quadrupole coupling constants determined here are in close agreement with those determined in [1] . They are given in Table 3 .
In Table 2 we present the observed Zeemansplittings (compare too Figure 2 ). They are given with respect to the hypothetical center frequencies, v c , of the corresponding zero field hfs multiplet (see above). The diagonal elements of the molecular g-tensor and the anisotropies in the diagonal elements of the magnetic susceptibility tensor were fitted to these splittings as described in [5] . They too are given in Table 3 .
For a detailed development of the theoretical background, the reader is referred to [6] and [7] . As Table 2 . Zeeman-14 N quadrupole hfs multiplets observed under AM,= 0, AMj=± 1 selection rules for the projection quantum numbers of the 14 N-spin and the rotational angular momentum respectively. (The magnetic field very effectively uncouples / and J and causes them to precess independently around the field axis, compare too Fig. 5 , Ref. [5] .) Also listed are the corresponding splittings calculated from the optimized molecular parameters given in Table 3 . For details of the calculation see [5] and references cited therein. Relative intensities are given in arbitrary units. "-" indicates relatively weak satellites not included in the fit. "*" indicates satellites, overlapped by a strong and yet unassigned line. The lower trace shows a simulation which was calculated as described in [5] from the molecular parameters listed in Table 3 . Lorentzian lineshapes with a full width at half height of 66 kHz were assumed for the satellites. In Table 4 we present molecular parameters, which may be derived from the Zeeman data but which require additional input such as the rota- At present only a partial /^-structure is available from the work of Ohle and Mäder [8] . It is shown in Figure 3 . The corresponding a-, b-, and c-coordinates of the atoms are listed in Table 5 . Since no experimental value for the bulk susceptibility was available, we used the additivity scheme developed by Haberditzel [9] to calculate an approximate value from inner shell increments and bond increments. This calculation is presented in Table 6 .
The comparatively large uncertainties of the derived molecular parameters listed in the lower part of Table 4 mainly reflect the conservative 5% uncertainty which was assumed for the bulk susceptibility. Table 4 . Molecular parameters which can be calculated from the Zeeman data and additional input such as the structure (Table 5 ) and the bulk susceptibility (Table 6 ). In [6] it was shown that the values derived by this method should come close to the corresponding vibronic expectation values. Uncertainties follow from standard error propagation.
Molecular electric quadrupole moments
Qaa -7.9(7) 10" -If. 7 esu cm* (see Eqs. Values marked with an asterisk have been taken from related molecules. They were held fixed in the least squares fit of the structure to the observed rotational constants. Table 5 . Principal inertia axes coordinates of the atoms in difluoroacetonitrile used to calculate the molecular parameters presented in the lower part of Table 3 . They result from the partial /-0 -structure determined by Ohle and may deviate from the true equilibrium structure by up to 0.02 A. The C-C = N chain for instance, assumed to be linear by the authors because of the lack of sufficient data, is possibly bent away from the two fluorine atoms by 1 to 3 degrees. 
Discussion
In the subsequent discussion we will focus our interest on the interpretation of the molecular magnetic susceptibility tensor as a sum of local contributions [10, 11, 12] . As was the case in acrylonitrile [5] , local electronic wavefunctions constructed from delocalized CNDO/2 wavefunctions indicate, that the C = N group should be treated as a whole in such a model. (Our rough method to generate localized molecular orbitals has been described in [5] , p. 1008.)
We therefore broke down the observed susceptibility tensor into five local subunits, one for the C = N group, one for H-, two for F-, and one for the sp 3 -hybridized central carbon atom. Table 6 . Calculation of the bulk susceptibility of difluoroacetonitrile within the additivity scheme developed by Haberditzel [9] . All values are given in units of 10" 6 erg G' 2 mol -1 . For the C-F contribution we used Haberditzel's C(Cl 2 )-F-value as an approximation. The value of -9.2 for the C=N-bond is taken from p. 58, Ref. [9] . The other values are taken from the listing on p. 96 and 97 of Ref. [9] . From the local susceptibility tensors for H-, Fand for the sp 3 -hybridized central carbon atom (they are given in the upper three rows of Table 7 and were essentially taken from [6] , Table II. 2), the susceptibility tensor for the nitrile group was obtained in the same way as described in [5] . In two Table 7 . Local susceptibility tensors for the hydrogen, the fluorine and the central "sp 3 -hybridized" carbon atom essentially taken from Ref. [6] , Table II.2 (see text) , and the local susceptibility tensor of the nitrile group calculated from the difference between the x aa , x bb and Xcc values (Table 4 ) and those calculated within the additivity scheme from the correspponding local contributions of the HF 2 C-frame. Also given for comparison is the nitrile susceptibility tensor determined earlier from a similar study for acrylonitrile. The differences indicate the limits of the simple additivity scheme. Apparently in the case of difluoroacetonitrile electron withdrawal by the electronegative fluorine atoms has diminished the susceptibility contribution from the nitrile region. All values are given in units of 10" 6 erg G" 2 mol -1 .
-If the nitrile ^-tensor is calculated without the assumption of cylindrical symmetry, the values in brackets are obtained. Here the z-axis would be perpendicular to the molecular symmetry plane.
Xxx
Xyy Xzz to a situation where three substituents more electronegative than hydrogen are attached to the carbon atom rather than only one or two.
Our result for the -C = N contribution is tabulated in the fourth row of Table 7 . In the fifth row we give the corresponding values determined earlier from the Zeeman data of acrylonitrile.
To us the differences appear to be significant and the decrease in absolute value of the /-tensor elements attributed to the C = N group when going from acrylonitrile to difluoroacetonitrile appears to be reasonable, since the two fluorine atoms withdraw electron density from the C = N group. However, this in turn could increase the corresponding tensor elements of the F-subunits, an effect which was not yet accounted for in the present analysis because of the lack of sufficient experimental information.
In order to get more experimental information on neighbouring bond effects on the local susceptibilities, we plan to study the rotational Zeeman effect of a series of related molecules. The investigation of monofluoroacetonitrile is already in progress.
